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SPIIALL-SCALE TRANSONIC INKESTIGATIOM OF THE EFFECTS OF 

WIST AND CAMBEZ ON THE AERODYMAMIC CHARACTERISTICS 

O F  A 60° 42 SWEPIIlBAcK W I N G  OF ASPECT RATIO 1.94 

By Kenneth P. Spreemaan and W i l l i a m  J, AJXord, Jr. 

A small-scale  transonic  investigation of tyo semispan wings having 
the same plan form was conducted in the Langley high-speed 7- by 10-foot 
tunnel over a Mach number range of 0.59 t o  1.10 t o  dktermine the  .effects 
of t w i s t  and camber on the aerodynamic characteristics of a 60° 42' swept- 
back w i n g  of aspect r a t i o  1.94. T h e  aemispan wings had taper  ratios 
of 0.44 a d  modified NACA 64A-series airfoil  sections  tapered in thick- 
ness. Lift, drag, pitching moment, and root  bending moment were- obtafned 
f o r  the two wings investigated. 

The results of  the  investigation  indicate that  the benefits of twist 
and caniber. for the winge.  with 60° 42'  sweepback  were considerably  smaller 
than. the  benefits  obtalned  at  the  design  condition (uniform loading 'at 
a -lift coefficient of 0.25 and Mach m e r  of 1.10. a t  50° 38' sweepback). 
However,'no adverse effects of twist iena caniber  were noted st the  higher 
sweep angle. 

INTRODUCTION 

An investigation of the effects of t w i s t  and camber on the lift, 
drag, and pitchin@;-moment characteristics of a low aapect-ratio .swept- 
back wing i s  reported i n  reference 1. , For ~e wing .investigated,  the 
twiet and camber distributions were selected t o  provide  uniform loading 
at a lift, coefficient of 0.25 and a Mach  number of I. 10 at 50' 38' sweep- 
back. The aerodynamic characteristics of the wing designed i n  this 
manner were shown . to  be considerably  better  than  those of a w i n g  of the 
same plan form but.  without twist and camber.  Because of current  intere6t 
in  wings with  variable sweep, determination of the aerodynamic character- 
i s t i c s  of  the w i n g s  of reference 1 wheq r o t a t e d -  from the  design sweep 
angle (300 3 8 ' )  to a higher sweep angle' was considered  desirable. 
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2 NACA RM ~51.121 

The present  investigation i s  concerned with a comparison of  the 
aerodpamic  characteristics of the twisted and  canibered w h g  and the 
corresponding  untwisted and uncambered wing (referred t o  as t he   f l a t  
wing) w i t h  the sweep angle of the  quarter-chord lines adjueted t o  60° 42' . 
The investigation -8 conducted i n  the Langley high-epeed 7- by 10-foot 
tunnel over a Mach  number range from 0.59 t o  1.10. Lift, drag, pitching 
moment, and root bending momnt  were obtained for  the wing-alone 
c onfigurat Lone. : 

C r n F F I C I E a T S  AND SYMBOLS 
I 

cD 

'm 

drag  coefficient (Twice semispan dr&g/qS) 

pitching-moment coefficient  referred  to 0.25F (Twice semispan 
- 
pitching moment/qSC) 

cB bending-moment coefficient  out a x i s  paral le l   to   re la t ive wind 
and ' F n  plane of symmetry Root bending moment P 

S 
L 

C 

C 

b 

Y 

P 

V 

M 

twice wing area of semispan  model, 0.129 square foot 

mean aerodynamic chord of wing ,  0.273 foot, baaed  on relation- 

M P  c2dy ' ( d n g  theoret ical   t ip)  

local w i n g  chord p a r a l l e l   t o  plane of  symmetry, fee t  

twice span of semispan model, 0.51 foot  

spanwise distance from plane of symmetry, feet  

air density, slugs per cubfc foot 

effective stream velocity over 'model, feet  per second 

effective Mach  number 

. 
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local Mach d e r  
" 

M, 

R 

angle of attack of T, degrees a 

6 

d 

local -le of atreamwise w k g  tuiat ,  degrees 

chordwise distance from wing lead- edge  measured paral le l  t o  
streamwise chord line, feet 

- camber (distance above c), feet Z 

'7'c.a. 2 .  lateral   center 05 additiopal loading, percelrt semispan 100 ac 
-. ( "9 

pitching-moment coefftcielrt a t  zero lift, coefficient C 
I 

minimum drag coefficfent . 

lift coefficient  at  mRwfrmmr lift-drag ratio 

. . .  - .  MomIs AND APPARATUS 
i 

' The Etde& wings of the flat and the .twisted and c e r e d  semiapan 
models had 60 42' of sweepback referred t o  their quarter-chord  linea, 
aspect  ratios of 1.94, -and taper  ratio8 of 0.44. . T h e .  a t r f o i l ,  sections 
of the f l a t  . w i n g  perpendicular t o  the 31.5-percent-chord line, .'where 
the 31.5-percent-chord 1% intersects   the,  streamwise root  and t i p  chords, 
were W A  64~10)AO11-2 at the root arid IUCA 64(&)AW8.1 at  the t i p .  
The same 64A-series airfotl tbickneks  dfstribution was placed around the 
mean  camber surface of the twisted and .ca&ered wing. -The maximum stream- 
wise thicknesses were 6.2 percelrt at €he root and 4.5 percent 'at t h e ' t i p .  

I 
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A two-view  drawing  of the model8 i s  presented in figure .1. Included. 
in this  figure  are  pertinent geometric data o f  the two wings investigated. 
A photograph of a typical sweptback-wing  model  mounted on the  reflection- 

in  figure 2. 
' plane  setup in  the Langley high-speed 7- by 10-foot  tunnel i s  presented 

.. 

The wings of the  present  inveatigation  are  the same wings  of refer- 
ence 1 except that   the panels have been rotated backward to provide a 
larger sweep angle. The increased sweep angle resulted  in  reductions  in 
the streamwise thickness  ratio and camber.  The maxiwun camber WELB moved 
back t o  about the 42.5-percent streamwise chord throughout the span as 
a result of increasing  the sweep angle, The  caniber, maxFrmun camber,  and 
the  angle of w i n g  twist of the  tuisted and canbered wdng of the present 
investigation  are  presented  in  figure 3.  

Force and momeIlt measurements  were made with a strain-gage-balance 
system and recorded with  recording  potentiometers. The angle of attack 
was measured  by means of  a  slide-wire  potentiometer and recorded with a 
recording  potentiometer. 

The investigation was conducted in the Langley high-speed 7- by 
IO-fout,tunnel with the model mohed on 8 reflection-plane  plate  (fig. 1) 
locatea 3 h h e s  fkm the  tunnel w a l l  i n  order t o  by-pase the wall boundary 
layer. 'The reflection-plane boundary-layer thickness was such that  a - 1  

value of 95 percent of free-stream  velocity W ~ B  reached a t  a distance of 
approximately 0.16 inch from the  surface of the  reflection  plane  at the 
balance center  line  for a l l  t e s t  Mach numbers. This boundary-layer thick- 
negs represe,nted a distance of about 5 percent semispan for  the models 
tested. 

L . 

A t  Mach  numbers below 0.93 there was practically no velocity  gradient 
in the  vjcinity of the  reflection  plane. A t  higher Mach  numbers,  however, 
the presence of the  reflection plane  created 8 high local-velocity  field 
which.permitted testing  the m u a l l  modela up t o  M = 1.10 before choking 
occurred in the  tunnel. The variations of local Mach nmbere i n  the 
region occupied by the models are shown i n  ffgure 4. Effective  test 
Mach numbers  were obtained from additional contour charts similar t o  

I 

For the models tested, Mach  nuniber variations  (outside of  the 
boundary layer) of  less  than-0.01 over the surface of  the models generally 
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,were obtained below M. = 0.95. Local Mach m e r  .variations of 0.05 
and about 0.07 were obtained a t  M = 0.98 and M = 1.10, respectively. 
It should be noted that the Mach nuniber variations of this.  investigation 
-are pr incipal ly  chordwise, whereas the Mach nuniber variatione of  refer- 
ence I are principally spanwfse. 

A gap of. about 1/16 inch w a s  maLrrtained between the wing-root-chord 
.section and the reflection-plane-plate tur-ble and a qonge-wiper seal 
was fastened t o  the w3ng butt  behind the  tur'ntable t o  m-ze leakage'. 
Force and moment measurements were made f o r  the models over a.Mach nuniber 
range from 0.59 t o  1.10 and an angle-of-attack range from -8' t o  22O: 
The pitching moments w e r e  measured about the 22-perced-chord point of 
the- mean aerodynamic chord and were transferred t o  the qgarter-chord gin. 
of the mean aerodpemic chord. The variation of Reynolds nwiber with Mach 
number f o r  these t e s t s  is shown i n  figure 5. 

IT0 attempt has been &de t o  apply corrections f o r  jet-boundary o r  . 
blockage effects. Because of  the mall size of  the models theee  correc- 
t ions are believed t o  be negligible. Corrections due to   aeroelast ic  
effeots were less than 1.0  percent and were not applied t o  the data. 

The basic .data of 'the investigation  are &own in figure 6. The . 
discussion i s  based principally on the summary curves presented in 
figure 7. Since the characteristics were rather nonlinear, the slope8 
presented in figure 7 were avergged over a limited  'Uft-coefficient 
range of a.1. 

Lift Characteristics 

. The lift-curve slopes (fig.  7) were practically  unaffected by 
twisting and cambering the wing. c he -ues of aC+ a t   m s o n i c  
speeds are a m w h a t  higher  than  predicted by calculations based on 
reference 2 (aee  tabulated n l u e s  i n  t ab le - I ) .  

The angle of attack f o r  zero lift, %o' was - dec-reaged about 

0.2O - t o  0.6' throughout the Mach m e r  range investigated by the addition 
of twist and camber. 

The lateral   center of  addi t iona l  loading, yc.a.2.J for the twisted 

and cambered w i n g  was  nimore than 1 percent outboard of  that of the flat 
wing throughod  the Mach m b e r  range investigated. The eqerinmerrtal 



. 

lateral   centers of  additional  loading very closely approxfmated .those 
predicted by theoretical  calculations made by using  the method of  refer- 
ence 2 (see va lues  l is ted in table I). 

Drag 'Charactertstics 

Twisting and  cambering the w i n g  caused only slight changes in  the 
shapes of the drag curveB but d i d  shift   the curves i n  such a manner a B  
t o  cause a given drag  value t o  occur at a higher lift coefflcient. The 
minimum drag  coefficients (fig.  7) appear' t o  be hardly  affected 

by twisting and cambering the.wing. Similar effects were noted i n   t h e  
previous investigation of the wings with Wo 381 sweepback. 'The lift 
coefficients for C were 0- e1igh-b- hcreased ( k e s  than 0.02) 

due t o  twisting and cambering the w=!ng. 

C%lin 

?min 

Lift-Drag Ratios 

It can be seen i n  the basic  data (fig. 6) .that the l if t-drag  ratios 
of the  twisted and canibered wing were' somewhat higher than those of the 
f l a t  wing except a t  very l o w  lift coefficients where  the  lift-drag ratios 
were  sometimes slightly  higher for the f l a t  w i n g .  The twisted and 
cambered wing g a k  very l i t t l e  increaae i n  the- maximum lift-drag ratios - 1  

below a Mach  number of 0.95. and above a Mach nmiber of 1.05 ( flg. 7);. 
however, in the Mach 'number range between 0.95 and 1.05 the twisted and 
cambered wing produced about 6 t o  12 percent higher maximum lift-drag 
ratios  than the untwisted, uncauibered  wing. Reverse effects of Mach 
number on (L/D)- were noted f o r  the W0 38' swept w i n g  in reference 1, 
wherein the  highest  percentage  increases in (L/D)- were ' obtained at 
the  lowed Mach  number5 investigated. The value of  CL for (L/D)- 
was slightly  higher  for  the  twisted and cambered wing above 0.85 bhch 
nurnber which was the ..range wherein the mEbxirmun percentage  increases were 
noted ~n ( L / D ) ~ .  . "  

i 

There was considerably less  improvement in   the lift-drag ratios due 
t o  twist,.and camber a t  60' 421 sweep angle  than a t  50' 38 I. It appear8 
that  the  greatest .improvements might be expecte'd at   the 'design sweep 
angle,  although  increasing  the sweep angle t o  60° 42' d i d  n o t  reduce the 
performance characteriBtice compared with the f lat  wing resul ts   a t  
60° 42' 'sweepback. ' 
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. . Pitching-Moment Ch&cteristics 

.Comparison  of the ac&cL - Curves (fig. 7) shows that, b e l o w  0.85 
Mach- nmiber, twisting and canibering the y i n g  resulted in s$ightlJ %re , 
forward locations of the *rodynamic'.center, but dove  M = 0.90, twist 
and c d e r  resulted in  ab& I t o  3.5 percent. more Faiward  location of 
the aerodynamic center. . T h e  usud large r e m d  movement Qf the aero- 
dynamic center that is expected in the mixed-flow region between . M = 0.90 
and M = 1.0 was only part ly  realfzed for  either wing, although above a 
Mach mmiber-of 1.0 a rather large rearward shif t  Fn the aero-c-center 
location waa observed f o r  both -6.  The experhental  results  indicated 
aerodynamic-center locations much farther rearward than those  predicted . 
by-  theoretical  calculations  (see  table I) . 

The pitching-moment coefficient  at .zer.o .liFt C m a  practically 
%dl 

unaffected  by  twieting. and cmibering the wing. .The 50° 38' swept win@; 
(reference 1) experienced  considerably  nore shift ~n C due to t w i s t  

and ratu~~r.  AS .mi. pointed out in reference i, the effect  of  c d e r  on 
%=O 

c%=o f a  opposite t o  thak of twist, and the net effect  f o r  a giyen 

twisted and canibered wing therefore 5 s  the  algebraic sum of t w o  separate 
effects. It appears that f o r  the 60° 42' s k p t  w3ng these  effects are . 
more nearly campensating than  for the' 500 38' s w e p t  wing.. 

I 

I 

I 

A n  investigation of  the  effects of twist , a n d  camber on -&he aero- 
dynamic characteristics of a 60° 42' sweptback w i n g  indfcated  the fo l -  
lowing conclusions: . 

1. The twisted and canibered ' wing gave %ry l i t t l e  lncrease in the 
.maximum lift-drag ratios below & Mach number of 0.95 and above a Mach 
number of .1.05; however, in the Mach nmiber range between 0.95 and 1.05 
the twisted and c-ered w t n g  produced about' 6 t o  12 percent higher 

. maximum lift-drag ra t ios  than the untwisted, u n c d e r e d  wing. 
2. The lift, minimmu drag, and  pitching-moment characteristics were 

' only slightly  affected by twisting and canibering the wlng. . 

I 
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3. It appears that a twisted .and cambered wing designed for- 50' sweep- 
back would not  incur any loeses in  performance and s tabi l i ty  due t o  t w i e t  
and camber  when rotated to 600 meepback. 

- 
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Experimental 
Mach Parameter 

Theoretical 
number (reference 2) Twisted and Flat ' 

wing ' cmibered w h g  

- 8% 
0335 .Ob1 .042 .8 aa - .  0.0345 0.041 0.042 0.6 

0.6 " 44.6 . 46.0 45.8 
Yc.a. 2 .  .8 44.5 46.0 45.2 

a c , .  
K 

-0.090 -0 * .095 0.6 -0.004 
I .8 -. 005. -.No 1 - - 095 

" I 

1 
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Figure 1.- Teet model mounted ,on the reflection plane i n  the Langley 
high-speed 7- by l O - f o o t  tunnel. 
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Figure 2.- View of typical-teat  model mbunted on the reflection-plane 
plate in the Langley high-speed 7- by I O - f o o t  tunnel. 
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Figure 3.- Spanwise variations of t w i s t  and camber .of the t w l s t e d  
and  cambered .wing. 
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Figure 4.- Ty&al. Mach' number contwre over sidewall reflection plane 
in region of model location. P 
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Figure 3.- Variatlon of t e s t  Reynolds number with Mach number for  the 

t e n t  models. 
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Figure 6.- Aerodynamic characteristfcs of the t e s t  models. ! 
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Figure 6.- Continued. 
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Figure 6.-  Continued. 
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Figure 6 . -  Concluded. 
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Figure 7.- Summary of the-aerodynadc  characteristics of the   t es t  modela,. 
(Slopes are averaged over lift-coefficfent range of fO.1.) 
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